Introduction
Enzymes from halophilic bacteria are character ized by the requirem ent of a high salt concentra tion to m aintain their physic-chemical properties, thus, the stability and maximum activity of these enzymes are usually reached only with a high salt concentration, about 3 m of KC1 or NaCl.
In general, the halophilic enzymes, with the ex ception o f dehydrogenases, have been studied very little. The purification o f halophilic dehydrogenas es carried out by M evarech et al. [1] and Leicht et al. [2] have allowed the posterior analysis of their molecular structures [1, 3] and the conform a tional changes produced by the interaction with different salts [3] [4] [5] [6] .
The halophilic am inotransferases are also al most unknown. N o attention has been paid to these enzymes until we characterized the aspartate am inotransferase from H aloferax mediterranei [7] , The AspAt from this halophilic bacteria, in con trast to the enzyme from animals, which is ob tained mainly as holoenzyme, is present in the cell in both apo (60% ) and holo (40%) forms [7] .
AspAT from animals and Escherichia coli is a dimer with two identical subunits [8] . The enzyme needs PLP for catalysis and its dimeric structure is protected by the coenzyme against therm al denaturation [9, 10] or against dissociation by urea [11] or guanidine [12] .
In preparations of am inotransferases from ani mals, it has been observed that the coenzyme is separated from the apoenzyme as pyridoxamine easier than as pyridoxal by a relatively high con centration o f am m onium sulphate [13] or phos phate [14, 15] . This is due to the fact that PM P, but not PLP, is bound to the protein mainly by electro static interactions [16] . G lutam ate decarboxylase shows a similar process where the activity is regu lated, through the equilibrium between holoen zyme and apoenzyme, by phosphate concentration in the cell [17] .
In this paper, the effect o f salts on apo and holo forms of AspAT from H aloferax mediterranei will be examined.
Materials and Methods

Chemicals
N A D H , pyridoxal 5'-phosphate (PLP), L-aspartate, a-ketoglutarate, m alate dehydrogenase (pig heart), spermine, lysine and cysteine were from Sigma Chemical Co. 1,6-diaminohexane and 1,3-diam inepropane were from Merck. All other chemicals used were o f analytical grade or the finest grade available.
Bacterial strains and growth
The strain ATCC 33 500 o f H aloferax m editer ranei used in this work was kindly provided by Dr. Ruiz-Berraquero from the University of Sevilla. The halophilic bacterium was grown aerobically in the medium described by Rodriguez-Valera et al. [18] . After three days of growth, the cells were col lected by centrifugation and resuspended in a me dium containing 0.01 sodium phosphate (pH 7.2) and 3 m NaCl.
Enzyme activity
hAspAT was obtained following the m ethod de scribed by M uriana et al. [7] . Different enzyme concentrations were obtained by dilution from a preparation m aintained in 1 m am m onium sulfate. The concentration o f am m onium sulfate after di lution was in any case lower than 20 mM. The ac tivity was measured by coupling the oxalate prod uction with m alate dehydrogenase and following the N A D H oxidation at 340 nm. Enzymatic assays were performed in 1 ml o f the standard buffer so lution (3.1 m KC1 and 50 mM Tris/H C L) contain ing, additionally, 10 mM a-ketoglutarate, 0. 
Results
Effects o f different salts on the activity o f hAspA T
The hAspAT shows maximum activity when a high concentration of salt is present in the assay. In Fig. 1 , the effect of monovalent cations, added as chloride salts, is shown. K + appears as the most effectively prom oting cation, reaching maximum activity at 3.5 m . The effectiveness of cations shows the following order: K + > R b+ > N a + > N H 4+.
The action of M g2+ and polyvalent cations with organic character is shown in Fig. 2 . The low con centrations used in this case were due to the low solubility of these ions. Maximum activity is reached with 0.07 m M g2+, which corresponds to 50% of the activity in the presence of 3 m K +. W hen M g2+ is added in the presence o f spermine the activity prom oted is lower than with the poly valent cation alone. However, M g2+ increases the activity observed with K + (data not shown).
In Fig. 3 , the effect of several anions added as potassium salts is shown. In this case, the effective ness shows the following order: Cl-> N 0 3~ > I> SC N ". That coincides with the order o f H of meister series for the hydrophobic interactions.
The affinity of the hAspAT for the substrates is also affected by the concentration and nature of salts. Thus, the K m for both aspartate and a-ketoglutarate is lower in the presence o f KC1 than with NaCl and increases proportionally to the KC1 concentration (Table I) . In Fig. 5 , it is shown the logarithmic relation between inactivation rate constant (A:,) and con centration o f KC1 and NaCl, which indicates a sigmoidal dependence o f the activity on salt con centration. The values for Hill's coefficient («) ob tained from the slopes were 1.33 for KC1 and 0.24 for NaCl.
Like KC1 and NaCl, am m onium sulphate proved to be a good stabilizer of hAspAT m ain taining the activity during several m onths [19] . Preparations o f hA spA T were dialyzed for 12 h against the concentrations o f KC1 indicated. The activity was then measured and indicated as Ej. Finally, the prep arations were dialyzed over-night against 3.7 M KC1 and the activity measured and expressed as Ea.
The reversibility of the inactivation has been studied in preparations of the active enzyme inacti vated by dialysis for 12 h against a low concentra tion of salts and then incubated with 3.5 m KC1 (Table II) . A partial reactivation is observed which depends in each case of the am ount of inactivation reached. The irreversible inactivation is observed by precipitation o f the protein which is general in the absence of any type of salt.
The reactivation process follows a second order kinetic as observed in Fig. 6 . This suggests, taking into account the dimeric structure o f the AspAT, a reassociation of monomers during the enzyme reactivation. Thus, the reactivation constant (/cr) can be determined, as indicated by M evarech and Neumann [3] , from the equation:
[Ea,oo] ' ([Ea »I -[Ea J)
= k -t
where [Ea J and [Ea J are, respectively, the concen tration of the active enzyme at time t and the con centration when no further reactivation occurs. This analysis has the advantage that it is not neces sary to know the initial enzymatic activity. Fig. 6 inset shows the values of the above equa tion versus time for a preparation inactivated at 1 m KC1 and reactivated by incubation with 3.5 m KC1. A reactivation rate constant, k T, equal to 4.7 x 10-5 m _1 s"1 is obtained from the slope.
The results described above have been carried out with the apoenzyme because of the low con centration of PLP present in the preparations. With the idea of checking the behavior o f the holoenzyme, the same studies were made in the pres ence o f 0.05 m M PLP. U nder these conditions, since the dissociation constant for PLP is about 7 |iM [7] , the enzyme remains mainly as holoenzyme. The results obtained with holoenzyme were almost similar (Fig. 7) , although, the activity that remains after the inactivation in the holoenzyme is a little higher.
Discussion
In the studies on the effect o f different salts on the hAspAT, a prom otion of the enzyme activity by monovalent cations has been observed, am ong them K + shows the highest efficiency. The enzyme activity presents a sigmoidal dependence on salt concentration with a Hill's coefficient of 1.33 and 0.24 for KC1 and N aC l respectively. This differ ence indicates a higher sensitivity of hAspAT to changes in the concentration o f K + than to N a +. A similar behavior, although with higher Hill's coef ficients, was found with other halophilic enzymes, such as pyruvate kinase [20] , isocitrate dehydro genase [21] and citrate synthase [22] . This different effect for K + and N a + agrees with the different concentrations observed in the cell for these ions [23, 24] , which suggests a regulation o f the activity by the ratio of concentrations o f these ions in the cell.
M g2+ and polyvalent cations have shown a low er effectiveness in the prom otion o f the activity, showing an inactivation effect for concentrations higher than 0.05 m (Fig. 2) .
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Like activity, stability of hAspAT needs a high concentration of salt (Fig. 4) . It is interesting to note that with hAspAT the activity and the stabili ty showed a parallel dependence on the salt con centration, the maxima activity and stability found at 3 m KC1. This represents a difference in com par ison with other halophilic enzymes such as m alate dehydrogenase which presents a m aximum activity at 1.25 m NaCl whereas the stability is maximum at a concentration o f 3 m [2] .
The effects of salt on the activity and structure of halophilic enzymes has been discussed taking into account the electrostatic and hydrophobic in teractions, although the competition in the form a tion o f hydrate bonds between protein-solvent and protein-protein as the most im portant contribut ing factor to polypeptide folding of these proteins has been proposed recently [25, 26] .
In principle, the effect of cations on hAspAT could be explained by electrostatic interactions. Thus, the action of m onovalent cations is ex plained by the interactions with the charged amino acids, which in proteins have only one charge and in this enzyme are mainly negative, as deduced from the isoelectric point, 6.1, and amino acid composition [7] , In general, the amino-acid com position of halophilic proteins shows a 1 0-14 mol% excess of negative charges when com pared with non-halophilic proteins [27] , The difference among monovalent cations observed by us must be due to the different size of ions that produce steric impediment in the accessibility to neutralize groups into the protein. In this way, the order of effectiveness observed (K + > R b+ > N a + > N H 4+) coincides with the hydrated radius of cations [28] .
In contrast to electrostatic interactions as a main factor of stabilization is the high concentra tion that is necessary for the maximum activity (3 m ) . Usually, the action by the ionic charge is saturated with a concentration of 0.2 m [29] [30] [31] .
The low effect observed by M g2+ and polyvalent cations could be explained, taking into account electrostatic interactions, by the necessity o f coin cidence of two or more charge groups in the area of influence of the cation.
The hydrophobic interactions m ust play a main role in the stability of hAspAT as seems to occur in other halophilic proteins [26] . The effect o f cations observed in our case is in opposition with the H of meister series, which gives of following order for the hydrophobic interactions (M g2+ > Li+ > N a+ > K + > N H 4+). Nevertheless, the effect observed by anions coincides with the Hofmeister series (S 0 4= > C l" > N O j-> I" > SCN-). This explains the action o f am m onium sulphate which is in the first position and m aintains the enzymatic activity for several m onths [19] . This suggests an im por tant hydrophobic effect in the stabilization of the hAspAT.
To sum up, the effect on activity and stability of hAspAT by salts m ust be due to both electrostatic and hydrophobic interactions and, in consequen ce, the neutralization o f the charges in the interior of molecule (specially considering the character acid o f this protein) and the reinforcement of the external hydrophobic bonds (by the increase of en tropy in the medium) must play critical roles in these process.
Taking into account the dimeric structure of AspAT and the second order kinetic observed in the reactivation (Fig. 6) , the inactivation and reac tivation m ust be coupled to the dissociation and reassociation o f monomers. Thus, the free-energy changes associated with the dissociation process may be treated according to the "salting-out" theories [28, 32] , where the free-energy change is linearly dependent on the salt concentration [33] . The halophilic m alate dehydrogenase shows a similar behavior, its denaturation by low salt con centration involves enzyme-dimer dissociation [26, 34] ,
The fact that the inactivated hAspAT is only partially reactivated suggests the existence of a second and irreversible conform ation o f the monom er in agreement with the scheme:
Ea ^ 2 Ej -► Ej* which refers to the Lumry and Eyring model [35] and appears frequently in the thermal denatura tion of proteins [36, 37] , Finally, the behavior o f hAspAT which seems to be similar to other halophilic enzymes suggests the existence o f an unique mechanism for the stabiliza tion of the structure o f halophilic proteins.
